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(54) METHOD FOR MANUFACTURING NITRIDE SEMICONDUCTOR CHIP 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To obtain a method for 
obtaining a nitride semiconductor chip with superior light 
emission performance, without spoiling the crystallinity 
of a nitride semiconductor and cutting a wafer into a 
desirable shape to desirable size in good yield, by 
preventing a cut surface and an interface from cracking 
or chipping, when a nitride semiconductor wafer which 
has its substrate made of a nitride semiconductor and 
includes an active layer emitting light is divided into 
chips. 

SOLUTION: This method for obtaining a semiconductor 
chip from a wafer includes on the nitride semiconductor 
substrate the nitride semiconductor layer in a 
multilayered structure with an active layer sandwiched 
between a p-type layer and an n-type layer through 
crystal growth. Furthermore, the method has a stage for 
forming an (A)-th split groove on the crystal growth 
surface of the wafer, and a stage for forming a split 
groove narrower than the (A)-th split groove. A 

semiconductor chip division is carried out by using the different kinds of split grooves 




1-50,0. 



Especially, the nitride semiconductor substrate is doped with chlorine to facilitate chip division. 
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of! "9 »JSffi^t5^***f-»o xmmrt Z> r <b J; 

x oxmu&iim < * o fc«#K»o r m*l5 fc 
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»fe*S:(S:«i-S ^ t ^r # ^> 0 
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^laiJiC^LT^S&^fe^ AlGaNi«»S 

[0 0 2 5] £fc, WT^*Jfiffilt?«:, »b*¥3M*ro 
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-tzkz, mm\nm^mBCDmvffiw.±frb^tixm 

[0066] ^7t, mM<D&^^mA<DW\vm*m<kyo¥ 
mfcmtfrztm (sii^md ^m^^><d^ mt 

r>, nSistt)^i<t5rtm, 3S*»r»* 40 

ttp««^&^3t8t9 WL3»*«r_htf 5^ £^r££ 0 

[0067] ^mm<Dwmxa, fSA<omr>m<omAK 

Z^-7*<yb* ^ ^ 7 >f i 5*I«4*iSfet 

* 7 -< S^aoM DflBBfiRtt, fc£ Lt> 

tm^taw y^f^tflj^fc, ^ a <£>•!*' 50 
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[0 0 6 8] ft^ft3fc»»^8fei: LT, ^mm^mm 

aftft^sw**^* «ffi<oa«sr»*s r t ^r * 5 

.4 zr. y =f- ^ y^fzn $ y V- =c y ^ ^ ^ 5 OtfS* 

[0069] *mm<Dwmx\^ ib^u^wi 

^Srffifflb^s, tm^y^^ym, 

B <7>*J «9 St^filcfCliot >r fi, ^ ^ 7>r L 
t\ ftif*6tf, f**I^r^<, loili:, Wmf&ft^ 

[0070] ^^{^. *sait<D?Kiiini, fa^m^? 
urtav\ ^i^^RWiso/im 

$$$.X<DtyWr$gffi& 1 5 0 /zml^TtfcSr^W^t 

[oo7i]*m©Fjm mA<Dm*>mkmB<D 
w\^m^m^xm^mm<^^tcm^x\ ^x/^ 

Sr^jy^#li-S^i?>, *AO«U«jiE»^fe*B(©W 

vm&^x<DwmmMAm\<^ taw* mrta^o 

IPI«f^ 2 00/imra«K, *b^#*L<tt 
1 5 SfrlE-MSfSEftoff^oTPfiflS 

[0 0 7 2] ttJISrK-fy^UGaNSfi 
^OUr Lll^G a NlfitDj?^ 2 0 0 M m J; 

<w*br*5v^r, mAkmB(Dmvmcowwr3£m%2 
oo/im«Tiaru^, ^(Dzt^x*), mvmu 

[0 0 7 3] **S60?B«<0»f!)fll^*Dx:r, SC(7)|J 

•9 ® <t L r , ^A^WfJWtftc:, v^y?^ 

Lr*^5)-9ILrtai/\ {g]3 (a) r> X /N-(7)x 
^^»Jc—#w>ctt«SrKit^fl»J*^u, HI 3 (b) 
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L<tt, *A(0»l9«Ji£»^b*B(^«9»jB£«*^ 
«3KffffiK^ 1 5 0 a* maT-C&S; £AW& L\t\ tiff 

[0074] mi&<otem 3 ) -frmmmm 3 ^js 
w-tz> 0 zzx\ m&igL&Mk&* mmisAiztt-tzfctt io 

[0075] B5H Cffi (0001) nMG a N^fe 
3 0 0, nSGaN^y7rl3 0 1, nlAl,,Ga 
.-,.N^7^K13 02, f£t£ii3 0 3, plAh: 
Ga,- i; N^77K|3 0 4, piG a >^ ^ 
3 0 5, nStS3 0 6, p 3 0 7 , fg A^fij V) 

13 0 8, »m©#ID*3 0 9a>e>«j83ixT^5o mi 
EG a NSfi 3 0 011 &^igffi 1 X 1 O 1 4 / c m 3 £ 

[0 0 7 6] m 5 0>ttffctt¥*<WB3te^>r K0>»3S 20 

ffi!>x/N-(7)G a NSfil^IilCJ; WILT, 
* K - fc'V^ jftltG a Nifi^WJ S: 1 5 O^md 
U il®£BL£-r>5 0 G a NSffi® ^©ttl L"T 6 (3 
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U pi 



[0077] Kk\c s ame#^— &y yy^y^-mx 

/SSflWC, «g£ 0. 2 M m, ifi2 0^m, t^f 3 5 
0 j LLin(DW>A<Dm } 0M3 0 8 < 1 - 1 0 0 >^T[p]^ 

r/< i i - 2 o >*ipi^, d 2 ^^i-fe^#c-e^ L 

13 0 51C, Pd (4 nm) /Mo ( 3 n m) (Dim 

ig UC LT, G a N*««*C, T i ( 1 5 n m) /A 1 
(150nm) nmmms 0 6 !Jy^77>f 



[0 0 7 8] ^^N-^ttirtftflJJCtt*^- h 

*Kf+U 7>f ^-©f-^/HCG a NXtmt 

G a N&KfiiJ<£>aj 
(niGaNl«3 0 0) ±fd, ^j/f 3 5 0 ^m, i£ 
^5/zm, 3ftiH5 ml?— ^-f ^"T6 0 #Cf-> 9t 

^^^^-T5 0 :«:lt3 5 0 /imft^y^Cft 
<5 J: ^BO#ji9f^3 0 9 

^IpJ«\ «ft»***l:»Lt< 11-2 o >£fcii< 
l-10 0>^fc6 o SSB<Z)ffl!9flt3 0 9 t> 

^AOfiJ(9^3 0 8 fcW«^««3ftS««Sjxrv^ftV^ffi 

[0079] Kffl^+^^*r#iku 9 

?5^3 5 o i«mA*o^^^sr#*#yto ^y-f^mmm 

[0080] *nj£o^ffir\ 19 & < mmcDwm 

t*B<75Wf9j«Sr»fiJiU ^BCO#Jl9Wfi^AO#Jl9» 
■J:9t*<i«LfcItfcJ:5 D o£ <9 , jSfiWfcS 
*fclRl*^*fb**a(#:-C*>5r <b3&»6>, p— #rj 

»W*s»fiJcfto^r <h mA(7)9l*9St^B^*iJi9 
««t "9 fc*dB^j£< , t5^o, ^At^BOfiJ^g|{C^tt 
T^0iffLfc^^{cJ:6o mB^fij»9ffifcJ:o-C9j 

» «9 tlUEffi^&ttff B (Offil «9 ^^±^C0^Ac7)Si) V) m 
[0 0 8 1] *AOW9*«t»BO«i9««^»ftS 

&wttytw*Li«^, W9J»B©jfi:^^*A©wf9j«icsia 
wiawn*^»B©wi9»iff±^fe^ix"c» 

ME»a6fc«<xfcWixj|»55S*AO#l «9 StiEBB^pj^ 
[0 0 8 2] SMS^JE£v^AOSiJi9i»S:S{fc;«l* 
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mtmtRtm (gs^iii) cMtswi*, Kfb 
«= p asa* f? ta L^sr±tf s r. <t £ 0 

[0 0 8 3] ftfbW^WtfSK^^IttSSK-tfV^Lfe 

mmx'te^ m a <om v m& fe&m * -c it u r v ^ & ^ ^ 

^^-f^-J-<t5*A©#J9«BI¥fifcHt, fc£i9#£H^ 

(vmmn, mtm^m^mm^m^-r^^^, &^<o 20 

[0 0 8 5] {fc^ttfc*^fifc£jS£ Lt, ^Hfficoff^ 

**16<£>«*-C«U *A<D»J»<D»^^tt, K7 

[0 0 8 6] *HJ£co^ffi-ctt, mB^WQiKH 

v\ fc-tffcfetf, ®*s£#e<, J.oifiigic, «^^»r 

[0087] ^mm^wmxa, ^mc^^^^y^ 40 

V\ El 3 (a) te, <D^i^^g|5fC— ^O^tt^ 

&Ri*fcffil«:*U [13 (b) Cfi, ^Acofij^fSjS^ 

OttKff ^ 15 0^ mJ^T, fc L < ^A^j 19 mj& 

nfrbfgB<DmQm&&&X'<Dtymmffi& 1 5 0 
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[0 0 8 8] Sfc, *IHfc0>»Jii"C, ttafK-fcT^L 
fcG a NXSSrfflSLT 1 5 0 /i mSStt*«< Lfc 

-fafcfcfcttG a NX«^J?£fi2 0 0 //mOT»l 
L<, S6ICff4L<ttl5 0/imHT, 5 0/zmJgU: 

^«<t^tLT, ^AOfiH9ffO^^^B(D 

&\vm<Di&uk<nmmvm&M< Lxi>&\,\ 

ifflKfflWIBKW:, SSK-fy^fro^GaNl 
&^L<(j:150/zmOT, 5 0 M ma±i?&3 (HJ£ 

[0 0 8 9] i6ft CI (0 0 0 1) n^G a Nlfi 
4 0 0, n|GaN^y77l401, n A 1 K , G a 
i-.iN^7J/K|4 0 2, SttJI 4 0 3, p MA 1 a 2 G 
a!- l2 N^77Ki4 04 N plG a Nny^ ? bf§4 
0 5, nili4 0 6, plli4 0 7, 3lAtf>#|»9» 
4 0 8, mC<^SlJ<9«4 0 9frbm&&tlX^Z. Ga 
Nlfi4 0 0tt, SXiS»5X 1 0 I5 /cm 3 K-fcT 

[0 0 9 0] m 6 <0£ffctt¥***3fc^>r K^fiit 

*^ot^tt*jfe<z>*iBi <tiRii:-t?*>So mmmtm 

[0 0 9 1] ^-f, ifB^^^N— (7)G a NSSfl'J^^S 
KaWitt, ^K-t 0 ^^^tLfcGaNX«(7) 
ff^Sri 3 0 jLtm(c:t-S 0 W»ffiS:ilffifcL 

[0 0 9 2] plGaNny^^M4 0 5i 

C Pd (7nm) / Au ( 8 0 n m) <DM^, 
pil®4 0 7^^XA^i[:f^tf:f , Au'<y 
Kli^Ml, WiOil^Sr^ALft^fe, 4 5 0°C 

Ti (15nm) /A 1 (I50nm) ICtSnStl 

[0093] lWia^^^N— ott*^ft«offi*r y y ^7 
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EfcftB-hfd, G a NmtfcCD< 1-10 0 >^f^ItC^o 
t\ ^^0. 8i3 0Mm, t>f 3 5 0/zm 

i:. < 1 1 - 2 0 >Jj&) (ifijf£< 1-10 0 >^tl 
B:*^) l:fp v ot, T^^O. 2^111, ^13 0^1X1, fc° 
^/f 3 0 0Mm^ f£A<7)#J I9fg4 0 8 p3^®4 

tz^m-tzt, P iii4 o 7f>mm£tixi^^ 
a aim K>mtmc<Dmvmzm cffiicmfc-tz, ^.t^ 

[0 0 9 4] i^C, ^x/N' — COG a N^|^jllj60ffi (nS 

SO/zm, ^^0. 1/im, Ife5 /im^< 1 - 1 0 0 20 

^fC^LTSa:^^ «ll-20>#« EC, 

^3 0 0 ^, m$0. li/m, ^15 //m"e^ACOSlJ 

(Om^lsT 3 5 0 /imX 3 0 0/z *y zf\Zf£ £ X 

^t^^7^77^^A^ ^C(7)#j^S4 0 9« 

[0 0 9 5] X^7-<71, I^t5/^^?»U * 

-^--Cff L^T^tCj; <9 , 2^ V^4>cD^^~7^ 30 

[0 0 9 6] *^60?f^-C\ *3 g < ffim<DJ&Vt 

tmcnmvm&Mf&L, mccDmvm&mAcomvm 
<t oxmtitzmtim^, m Atom r> mc «t o r ^ w 

[0 0 9 7] »i|6<^j£v^A^fi||9 8t^M{b^¥*ft:ffi 
4:E*HM (*£illi/£fi®» t^/S-TScott, M{fc4fc*2» 50 
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i*®co®^^j[A< -r^^i^T'fe^o rear £^£9, n 
[0 0 9 8] »t**a|tft:KtR4itcltt*K-fcf , >'^LyS: 

mmx'te , » c (Dm y m&is&m s^sltv^v^ 

£o ^A<D#j^^g|54 0 8^C^#J«9«JEa5 

4 0 9(r_tpii4 0 7^«It§>aS^ fc A e 

[0 0 9 9] #Htt<a»flB-CM:, *A(Ottf3fl(^riifc: 

[0100] fk^w*«®**j£^ ut\ *mm<DMm 

fcT-AJfe, ECRx^/^y^(7)K7^x^fy^ 

[0101] 4fd, *ms<D?^ii-ctt, Ic^SJ^Sti 

t-— ^^ItW^rM L t t^#J L 1 1) Si \ HI 3 

(a) o^^^ajf-— W^J+WSrK^^c 

«S:^U HI 3 (b) {^f^ »A<oM?)«it£«^— 

fcKIt *A<Z>M9j«flEffl^e>G 
a Na£S^Sffi^-e«30«OWfffi«^, 15 0^ mJKT-Cfe 

[0102] *M<z)^io«t mA<Dmvm<pi<c 
mo<omym^f&\^xmnm^n<^^tz.mnx\ v 
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L<fii5 0/zmOTtfo6 o «immmmm<7>m^<oT 

ft, BkW»rlEl(ioTR»4 5 0 ^ mfiJLJbdSHS 

[oio3] (njficojgffis) *mm<Dmm5x*i^ m 

m <9 i©R#«l:*B©|| 9 XSr^nK It, ^ y 

[0104] 0 7IJ, CI (0 0 0 1) n^Ga N^S 
5 0 0, 0 ngjAU.Ga 

i-.iN^7yK|5 02, S5ttg5 0 3, piA 1., 
Ga,-, 2 N^7S/ KS 5 04, pSGaN^y^^ Fg 
5 0 5, n8!S«5 0 6, PHI5 0 7, HA<7>#]r) 
®5 0 8, ^CCOffl9»5 0 9, mB(Dmvm 5 10 3- 
b^^tlTV^^c GaNlS5 0 0^Cfj:Iiigl 
x i o 1 Vcm 3 S: K— t°>^ Lti^o 

[0105] 17 ©aft******^^ K^Mit 

[0106] _hfE£^^- <£>G a NSfil^ril 

SltCj: fetf K-fc°>^£;ftfcGaNS«<a 

f^^l 50/imCU ^ffitbL^f^o GaNM 

*Rt«MM!(«:Rfc* U pi, nSt^=>^^ hig 

iGaN^y^^hl5 0 5l(C, Pd (4nm) /T 
i (3nm) /Au ( 1 n m) <7>JI|I(C\ 3§#;f£ p 11@ 
5 0 7£y y^77^KItv^-yMLf;t, A 

0 0°CTN 2 #ISM^-Cr^-/U^fTo/c 0 rcDrirfc 

T, G a NfiSfRlJCl, Mo ( 1 5 n m) /A 1 (15 0 
nm) Ci;5niHi5 0 6 ^, !iy^77^-giT 
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[0107] Bfjffi^^^N-co^ B 0 0 ^S{|iJoffi^y 

/Sftffi-hlc:. <l-10 0>^lC^ot, m$0. 2 
l± rru 1^1 2 0^m N tVf 3 5 0 /im^ < 1 1 - 2 
0>^f^] (HfjIE^T^lcbSa:^-^) \£feoX^ tVf 34 
5^m, r^^O. 1/xnu 8i2 0^m^ MA^fij^ 
S5 0 8^MUc o *A©||01I1, nfli5 0 6 

[0 10 8] Hk'<^ x?94;<-<D?'(*Y^>- k§i r% 

^A^fti^^JiE^tat^^Dl^f&oT, tVf 350 
At m, 0 . 1a* 5 /im^<l-100>* 

^#LT*jff*|p] «11-20>M tr°^^3 
45 M m, i^0. Um, 5 n mT^AOflj 9 jf 

(CU3 5 0 MmX 3 4 5 /i mftO^ * ^{CftS «fc 5 
20 3 C 

[0109] i>^^^-ojsgSRes«JJc:jte*^- 
^^y-fy<-<D^^^r^e^b^X\ G a nS>K1|iJcd® 

(nlGaNl«5 0 0» 1(1, b^f 3 5 0/z 
m, m$ 5 m m, #g<ig5 // m£-< 1-10 0 >^[6]fC— 

XmUJil*) (< 1 1-20 >*I6J) tVf 3 4 5 /i 

30 <D«t-LT3 5 0 A*mX 3 4 5 /zmfttOfy^CftS «t 
9(^^7^f/7^ ^SrAtL, ^B(7)#J«9ffi5 1 

*t^o f:f:L, !gB<7)#j<9?®5 l 0 (DmAiSLW^ m 
fc, ^BOfij^^S 1 0 tmAO#Ji9^5 0 8 <t 

[0 1 10] ^^7^71, KSft s^£»»U * 
40 ^f) 3 5 0 m m X 3 4 5 /i m^iOf - y /^Mfl^ ^* 

[0111] **Jt<o»*-c, *«*0fi<BfH^»« 
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^{-o^t^, mmmmi tmcx&>% 0 
[0112] *mM<Dwmr*te, mAcDmvmtvmmc 

[0 113] ft*»ftflt»**ifei: IT, *|gJfio?Bffi 

[0 1 14] #H!S<B»J»-CW:, fgB ^fgCcDfij 

[0 115] **Jfe0>7»«-Ctt:, *^ttfc^^7>T^7 

tRttfcMSr^U 13 (b) tc«t, JgA<7>fij «9 {Kfiffi 

<0|MR»jftU 5 0 /* m£TF> t L < tt, fBOfij^SS 
«^b*CO»If3»jS*f|5*^<Z5fflWre«}5S 1 5 0 AimJ^ 

[0 116] #H*<£>^fiT\ *tt*K-tr>^L 

fcG a NSSIrliLt 1 5 0 M mg^tI< Lfc 

"TSfc^MteG a N^ffi^0i?^fi2 0 0 u m£JLTf>W£ 
L<, Sbi:ff*L<lil5 0MmHT, 5 0 M mJ^_b 
^S#*L^ofe 0 SSK-^iSrfTotGaN 

<7>, miE«]WEHttt, ^K-t 0 ^^^rffo/cGaNg 



24 



jff* U< fi 1 5 0 ix mJL^T, 5 0 az m^JL^So 

[0117] (nj£^ffi6) ^mmmmete. mm 

l « K- t°y ^ Lf:Iftft^SS (W* 

[0118] *mm<DMm<D^ y^ftmk^^xmmir 

J?££r 8 0 n m{ci~6 0 
[0 119] SMBC^n— K7^x y fy^J;o 

x. ssfifefifflJt-. < i - i o o >*f6ifi»or, 

1 /z j^i|jg 10/zm, tVf 3 5 0/im^ < 1 1 - 

2 0>*Wot, ^^Mm, »§10/im, 
f3 3 0 ^mO, ^A^SrJOJJH 0 8S:»ritLfc. 

T\ GaNl«ij(Dl(C^^7>f/<-}a^ <1-1 
0 0>*f^(Cfp v ot, tVf 3 5 0//m, $S£5//m, 
20 »§5^mi, <1 l-2 0>^raot, 

£££ 5 /zm, H« 5 ju m(D^ ||B<DfiJ<9ffil 
0 9tMlfcc fcfcfU »B<Z>»»9Wl 0 9(^)Mfi 

Sr^-^/U^fe^LffifJ, GaNifi«^&6< 
n-7-tffL^T6*:J; «9, 2^fyf^!>xy^ 
^f)350iumX330M mft(Of ^^^SSfc ^ 

[0121] JfrSBEtDflgflSTN 085 %J^±C0, 

t>$K7F^U ^B<OWf9*tt*A<©W9»*|J;f9fc3R 

40 ^ri:<lr, ^A^SiI0*JiE»^Sfb«i**ft«3fe*ffifi 
J:^t>^<, »Aco»Jl9»3as»B(©»lf3»J:l9fcaMidS 
^r^fcj; <9, *B©»lt>«fcj:oT»lix/LWixj» 

^tt^fljw-r^wi^-essfc^-efcSo ^a 
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La»LfcrtS&, <h fc 2o£LhGQff| 

[0122] mA<Dm^om.(D^mc 
^ 7 ^ y< - j: 5 sg a <om v) mmm*. h^v&* l v > 

[0 12 3] fb*W*fll»«*ife<J: L*C, **Jfc<D»* 

'So 

[0 12 4] *ja(t<0»*-Ctt, ^BC0#jt9ff(tiI 

V\, fcif*6>tf, SMi£$fe<, J.oifiig^, *?F^^pj 
[0 12 5] J£f?f£- K-ey^Lti/>i^Sfttt*»«: 

>^*LTV^^a{bft*S|CftcX«(OJ¥Slil 5 0 M m 
^T##£ L < , £ 6> KlfflF £ L < fi 1 0 0 // mHT^S 

a a coffi «9 m<r>&n tms com n m<o&u t <Dwms£M 

*m< LttJ:t\ rco^r^co, ifulE^gggf fi, 46* 

5 0/imTOW4K, *&JC#*L<ttl 00 Mm 
J^T, 5 0/tmK11?fc5 o 50 
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[0126] ^7t, SftiR K— >-^£;ft/O^^G a N 

tV^^tlTV^^^G a NS4£cD/?^£p]^(c: N 15 0 
// mJ£ATtf*#£ L < , $ P> K#P£ L<(il00/z mJ^ 

[0 12 7] gjSl^tJ:-;}:, ^B<r^CcD^ 

it)L<ttGaNSfiiIIC % --tttDXrtmzmf&Lx 

m^ y A^\LXh^\ B3 (a) fi, t?*L;^—<Ozr.y?~ 
m^-M(DXrtm*&rttiM$:^ g|3 (b) Kte, 

^AcD#i^f«^{c-^o^ft?t^^tt^j^^-r 0 r 

i o 0 m mOTt'fcS: <hriW* Ll\ fcff U fu 

[oi2 8] (sa6^«7) ***6^»iiB7rt:, mm 
<Dwm 2 com.m k- tr Lfcs^¥*»s*s (is 

V^ft»*a»»*« (W^l 5 0 Azm) fC^H 

L^a^fi, MMcoj&Ms tmc-efoZo &MM<DBn 
a NX«M*WI§«K:J: WILT, ^*K-t 0 > 

^§tt-Cl^*V>G a NSS^f 150// m(C^5 0 
[0 12 9] BfrlB^^i^— * K^-r^^/^^^^J;o 

S B B H ^cSiiJ^)ffi^ N < i - i o o >^f^td»or, 

£££7^m, jgfi2 0/im, t°«yf 3 5 0 <1 
1 - 2 0 >*fa{Cfp v oT, ^^7 M m, »S2 0 M m, 
tVf3 4 0^m^ *AO«0J«2 0 8tr»rilL*:. 
JBtl^T, GaNSS»®{C^^7^^-ta^ <1 
-10 0>^[:f0oT, fs/f 3 5 0 ^m, ffi$5/2 

»g5 M m^ <1 l-2 0>^(Cfiot, 
f3 4 0 //m, ?^$5Mm, iB(B5/im^ ^BC0fiJi9 
»2 0 9SrMLfc o f^fL, ^ B CDlPJ <9S2 0 9 (Dffi 

«ffi«n, ^Afijf9ft2 o 8«5j»*itaffi**jcfflria*B 

0>M »9 fit 2 0 9 &-T 5 <t 5 W5o 
[0130] ^^7>f^ K28^^ry^**»L, ^ 

p-7-TffLST6*{:J: 9 , 2^fyf 0O^x/N- 

75^ 3 5 0 m mX 3 4 0 /i m^Of ^^#Mt 0 
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[oi3i] (mm<omm s ) *mm<omm s njss 

i^l5 0Mm) >K tftSi K- ey^ffot^^ 

[0132] ^mm^mm^^yy^m^^xmm'r 

Wilt, K- tV^^tlT^/^^G a NSi(D 

ffSSrl 0 0 m^-f 6 0 10 

[0133] i^fc, mmv^~<nfaM>f&mm(D^$: v 

*^-^«»«*«HC, *££0. 2^m, «2 0m 
m, tV^3 5 0 /zm(Z)lA<7)#Jl5«3 0 8 GaN 

$i£5/xrru ^15 ^ m<D^B<Z)Sil9?Jf 3 0 9 tefe^M 
VtX~Mf&LfZ 0 fz fz L „ jgB£>M9tt3 0 9 ^flg^ffifH 
tt, HiflSmAOSi|i9*3 0 S^iliOfi^ii-S 

»»Jl)i<0*|pJtt\ aft»f**{^LT< 1 1 - 2 0 > 
^fcfi< 1-10 0 >SrrRlT*fc5 0 
[0134] x^^^m Jtffi^y**W*U 

[0135] **«0)JgJ8-C, 19 8 0 %J^_h<7X 30 

s&mxmtiztzwa^ msnm Atom 40 

^v7'<Di£^*)fci&Ti'X\,^z>(Dte y 

fiftl 0%^_br6]_hLT^6 o 
[0 13 6] **J60»Hi-C?f±, *A©»|i9»^»fiK«c: 
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[0137] lt, *nm<n%m 

¥-J*m, ECRx^fy^(7)K7^xyfy^ 

[0 13 8] ±£?g£ K-t 0 v^LTt>^l>^ft:^¥^^ 
[0 13 9] MMcoMM 6 -Ci^fc «£ 5 ^^y^S"] 

^I(Ct6/-^(C|j:G a N*R<£>J?:£ fi 1 5 0 ju mJL^ 
Ttf s #SL<, L< ttl 0 0 MmOT, 5 0 

[0 14 0] **JfcO*«-Ctt, mBOfilD^^^^^ 

O^mi^T, tL<!4, »A©»Jf?j»jS(B^feGaN* 
tEltffi*-eo«JWfSEll|3&Sl 0 0 ^mBTT*>5: ir^iji 

[0141] immomm 9 ) ^mmmm 9 hjs 

^afbtt^WMK mm&<Dm& 1 0 0 /* m ) fc^M 
L^K^tt, MM(omm4 km\^xioz> 0 ^mmmm 
<n^v7ftm\c^xmm-tz> 0 ms^^iij^ 

fit, *SflJ^*ti-5S*M»J*«i-t<Oi:-f*-5 0 ^7^^^— 
(^Ga NS«WJ^W^{CJ; WILT, ^K-t°> 
mtV^GaNXfiOWStl 0 O/zmCtS, 

[0142] fftm$^^-<nifeMi!&&m<DM&y v?=7 
m&lc-tyhi-% 0 K7>fx^fy^:j: 0 t, M 0 0 B ^c 

*{|iJfC, <l-10 0>^ot, ^$0. 2^ 
m, ^ffi3 O^rn, tVf 3 5 0 /im^ < 1 1 - 2 0 
>*|6|*C»or, ^^0. 2 ^m, i|3 0^m, \f y 
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^-lOO^mCD, lA(Df|^*4 0 8^Mt^c JRl* 

19. < 1 - 1 0 0 >^ftiCj£oT, fyf 
3 5 0 /im, ^$0. 1 ^m, &«1 5 /^m^ < 1 1 - 
2 0>^«ot, tVf lOO/im/I^O. 1 
m. IR*B5/zm<^ g£C 9 ft 4 0 9 fcJBfiJc Lfc 0 fc 

[0143] ^^=7^y\k, S^f^^»u * 10 

f)3 5 0//mX100/ t m^f77'^if|f: fl 

%^±T*£>o7t 0 ^Hfe(7)^ffiT\ *) 8 0%J^_h 

-Si:Mtsri4<, ^Aofij«9ff 
C^W9J»S:Jgrilu ^C(7)#J'9^^mA(Ofijt9«4 1 ^ 20 

*C©W9»*»AOfiID»lSffl(DfStf+AIS 

isfcMfcs, mm(omm4 ttt^zt, ^y-?<n^ 

[0 14 4] La>LttriS&, £ 2ojL^_hcofiJ^ 

[0 14 5] *SOfeCD»*-rHt, ®A<759lf9j»<7>^^ 

^7-T^-fcJ;6^ACD*iJt)»^fi, fo^^^L^ 
[0 14 6] fk¥»ftaBB**jSfet Lt, **J6^«ffi 
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t>#£H/\ fz fz L , iflfEcooiy^V^^tT^fc^^ 
[0 14 7] *ft5R^r K-t'y^Ltt^^itt^ 

-c\ ^3/^»jj5sjaiL<, iM^^i<t5^^^ 
^^*L-ci>/j:^a{k4to4 £ ***«<z)li:SHti 5 o 

TOWIK, Sfcfc#SL<ttl 0 0/zmKT, 5 
0 ju mJLU±T*fc5e 

[0 14 8] J: 5 fc, fgA(D#]9**K 

aNS« ((B) *-e©ffl»rBli3fts«[v^4:}JS#*L 

L<, * felcjSF* t< f4 l o O m mKT"C*5o mjf£#l 

;ft£TLifc 5fctf>, K«J«EKi©TK«[Wt 5 0 m mJK± 

[0 14 9] JtSfSrK-tr^LT^i^GaN 

iHIKfff Lt*i^T, *C G a 
NS£ (Xffi) *-C<7>«JWE|liS:i 5 O^mJ^TMLT 

<<> ^^^W^C&lS-S^^s/^^^^jy t°>^ 

[0150] mc<Dm<omc7s? =7 

^#llXt)S^\ 1213 (a) tt, ^^N—0^-/^g(5 
JC— »o*ftSlSrKJtfe«*r^L^ (2)3 (b) ^ 

10 0/imHTt'&5:i«U\ fcfcU, HU 

[0151] (mmomm i o ) ^mmmm i o 
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fc° ^^Sift/Cl^l^G a NfiJRtf>/?£Sr 9 0 // mfd-r 
[0 15 2] *rlE^^^— OjfeSfiKfiftJ^ffi^:!; 

JMOJfc:, <i-ioo>*ffiiicfiot, «So. i/i 

nu &4S2 0 ju m, fc'yf 4 OO^m^, <ll-20 
>*Tfp]iC^oT, SJO. l^m N «2 0^ m> tV 
^100 jumtf), SAW#If9*5 0 8&Mf&l,fz 0 i^V> 
W1E»A(D#ID»jaESWJb^fajS**i»fc»oT. * 
^7>f'*-te«fc 0 % < 1 - 1 0 0 >^"fp]{Cl > hVf4 0 
0 /i 0. 2Mm, $S*l5 /im^ < 1 1 - 2 0 

>*r^]fC N WlOO/im, $§£0. 2 /i m, »I 5 
*zm<7\ ^CCO#ji9 9S5 0 9&W2f&L,fz 0 £ fcfc:, Ga 
Ng|Effi!j0>Dg{£ x <l-10 0>^raot, tVf 
400Mm, I^5Mm, itl5 # m <fc , < 1 1 — 2 0 
^faf^oT, tVf 100/im, »I 
5 M m<7X ^BCDfrJ9ig5 1 OSrTBfifcLfco f:f:U ^ 
CO#jl9«5 0 9<0»fiRffi«tt, BUffi^AOfiJ^^S 0 
8(7)^±tClMI5^AO#J^fS^i|iIO^^^*^^— & 

sfiiE^cofiji9fS5 o 9 tfstf— SL^ffiwcua-r 

So 

[0153] **7>f m^-y y?*nmu 

4 0 0 m X 1 0 0 ju mft Of y ^^^ftSfc, f 

[0154] ^mm<ommx\ %j^±<d, 

— finc^JWrrsr t*<. mco#J«9*^:^A(DfJ 

mm<D^ y7Mm^mm-fz>^ b&x%z>fc#>x&>z> 0 
<cv^ai)fc*i#x.fen5. L^L*30se>, 2 

[0 15 5] *HJ6<7)?Kli-Cfi, ^AC0ft]t9®cDffM(C 
^9>T^-lC«t5»A(0Wi!)flBB«tt, fc^^L^ 
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[0156] fk*w*»»«*ifei it, ^mmmm 

[0 15 7] #jHfc0>*«-Ott, ^B^r^COfiJ 

20 

[0 15 8] K-fy^LTV^V>Ift»*»ft: 

^M^i-ZtiZbbcnG a NStROffSJi 150/i mJ^T 
^£F£L<, § £>U:#S L< fil 0 0 MmOT, 5 0 » 

[0 15 9] ^ K- tV^^tltV^^G a N 

30 mm<-r^mt it, ^Bo#j^ffoj^a^^co 

o, S9IE«)»rffi«lfi, K-tr^^S:tToTl^fti^G 
a NSfiWff^i I^HUfC 15 0/imTOmL<, 
SP)l:ffSL<lil0 0/zmOT, 5 0/zm^±T^ 

[0 16 0] **j6o»lBt?f4, ^B ir^Cco#j^^(c 
^WLttA^o El 3 (a) t^oi^n— (D=r.y^^ 

40 tc— ^fco^(t»^s3:ft^J^^u, HI 3 (b) m 

S£\ r>^/N— co^JKJ?^ i o 0 jumJ^T> tKll 
JBAO»J9»JD£«B^feGaN*« (11) *T<0«JWE 

[oi6i] (ntfio?gffi 1 1 ) &nm<DMn 1 1 

50 -<3o fcfcL, TBE-e^S^rfiitt, S{bfe**ft:(C» 
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[0 16 2] ?-<yyft&l<D&g,i!k&f%feL1zm&. #J .9 
flt^^*[6jtt, < 1 1 - 2 0 >^T[6]d5#* L< , #CK 

<i-ioo>#fl-cfc5 0 mrnxfafrb, ±5° sffi 

0 } ffi-CfeSo £fc, HUBS< 1-10 0 >*|6lfc:»oT 
•l<Ji»«r*/aU daLfCtfiilll, {11-2 
0} B-Cfc5 0 

[0 16 3] ~ b CQ^T^Ola^^^-y:^ J: otM $ 10 

<tfc< l 1-2 0>*|6j*$tpJ:5{-, ±IE 

[0 16 4] Wl9«^»**lRl3ftS< 11-20 

>^C0^T*^^^7t, lEELftM, HM, IE an 

[0 16 5] ±1E^*;/»2R<Z>rt % Lfc4§ 
g*-^g522L £*&i2S£)JtriS, L/S=l. 01 20 
-4tfs#£H/\, £^«?£L<J2. lffllBft*»0>«aa 
<0*|pI*s< 1-10 0 >*rrS]T\ fij2C0*[6]755< 1 1 - 

[0 16 6] ±K*ffiBB»»cIiJL-C, ^y^W 

©Hlt**lft*«322^J»»rtLr»«-r5»'&, L/S 
Jfcjd*i J; 9 Wcfc, trollop), gb^S<^ 

7^T*#6 0 ±fEL/Sit<7>±PS£4k:LT^3 0fl ^ 
Wir-TSS^fi, L/Sjfi$4±0fc*#</j!oTfcj&** 

[oi67] mm<Dj&m 1 2 > ^njgco^jg 1 2 n 

£> 10 W!?»»rt*|nii:^jy^tt^o^rJ8 40 

[0168] ^yz?ftm<DmB,&*i%®^tLm&, mv 
2-i-io>*isitjb5 0 BMa#ipja>e>, ±5° 

*-Cfnt^Tt)I^ e HfjfB< 0 0 0 1 >^fC»o-C 
IJ^i^ML, ^IILTT'tSMj: {2-1-1 

o } ®-e£>6 0 ^7t, i«r8E< 2-1-10 >^ip](c?go 

T»l0«l«:»fiJiU »«Lt"C#5«S(i, {0 0 0 

1 } BtfcSo 50 
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[0 16 9] r^^^r^<o*fi^t?-ii:(c«J:oTJPM$ 

mS<Dktl)K L/S=l. 0 1-4^Ll\ 

L < te, milEg^(DMi22^^-fpI^ < 2 - 1 - 1 0 

>^fpjr% Siao*-|pj^< oooi >*-iRj-efc5„ m 

te, ^^^8>J^SS*< 0 0 0 1 >jjfalC^ *ffifB« 

^y^*iI^fflJS*< 2-1-10 >*[ti]<a»J!9»*4> 
< WtSdr 6 ft tb x& 5 0 

[0170] ±E*ffiBBffU::JWLT, er-y^w 

iiflf^^^WWFO, 4(^(7)^^1-5 

a s "C#5o i:feL/SitO±pg£4 (cLT^Scofi, ^* 
fttt5*^(4, L/S^4j;n**<iott)^* 

[0171] cmmcowm 1 3 ) ^mm&wm 1 3 n 

[0 17 2] ^y^»»toaE*tt*#itLfc»'&, #J<9 
»<0»«^|pltt, <0-l 1 1 >#|6ia*#£L<, ^(d 

< 2- 1 - 1 0 >jjfaxhz Q flfflE*iPia>e>, ±5° i 
S*"ei*nrv^rfcav\ Mfs< 0-111 >^f^tc^ 

oTWU»S:»fiftL, »WLT-e#SfiBB5W: {2-1- 

i o } mxhz> Q ^7t, Hffta< 2-1-10 >^rr^tcjs 
ixmyffi&m&L, »«it-e#5(}ffi(i, {0-1 

1 1 } ffiT*fc-5 0 

[0 17 3] r K 5) w*|fii ©iB^^lc J: o S 
ia SCO it L/S=l. 0 1-4«U\ ^^JC 

»^ u< wt, ^rfss^^oM5a^>^r^^< 2-1-10 
>^[^jr% fiiao^rpj^< 0-111 >^rp]r*fe^ 0 r 
ixfi, f-/7 p ^g^<o-i 1 i>^fc, m{i 

^<-C^^^#|coHI8t*< 2-1-10 >^f^OffJ«9m 

< »«"T S * "Cfc 5 o 
[0 174] ^fc, ±IE*fS:^««ijLT, T-s^SMM 
WHJlft*^*«iatC«»«U"C»Wi-5*fr, L/S 
Jt*« 1 J: *9 t±#l^fcfe, TwtOJSS^b. ^^^<^ 
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[0175] mm<Dmm 1 4 ) ^mm<omm 1 4 is, 

[0176] f%&Lizm ft, mn 

m<DMf&jrfate y <ooo i>^t)K(t <oi- 

1 0 >*'|6l^? 5 5 7. 6° <Z)#P^#?£ L < , tfctCKO 
l-10>*|fi]T*fc5o l»IE*rfil^&, ±5° as^-e 

■fixrt^-ct Av^ 0 Biri2< 0 0 0 1 >^-fp]{^^or#i i 9 
•*»«U 5HHL-C"C#5*BBW[ {0 1-10} ©-C 
£>£ 0 MIS< 0 1 - 1 0 >jffilfab 5 7 . 6° (O 

{01-12} E-efcSo HfrfE< 0 1 - 1 0 >^ 
{0001} ffi-e&6 0 

[0 17 7] :tlb^(Dl^W{aotM^ 

0 0 1 >;fr|n]fc KfKO 1-1 0 >^|pJ^^ 5 7. 6 

[0178] _b|E^ y -fm^<OJh. < 0 0 0 1 >^|6j £ 
<0 1-10>*[&I^P)5 7. 6° ^f^]^ti>J;3 

[0 17 9] ±|E^s/^«(Drt, <0 1 - 1 0>^r^] 
K01-10>»f)57. 6° CO^^^r^tPct 9 

tc, ^nmmmmm^yy'^m intern ft, mu^nm 
mM<nmm<Djj\*\&< 01-10 >j?fax\ &m<Djj&\ 

tf< 0 1 - 1 0 >jjfafrt> 5 7. 6° (DjjfaX*$bZ> 0 - 
fttt, f ^^S^I^< 0 1-10 >*tof) 5 
7. 6° (D^f^J^, W£ffi^fc^#I«9*£^<^S 

- 1 o>^^ofij^ft^ / >^<^i-^/cfe-efc>5 0 

[0 18 0] ±1E^^y*tt<Ort, 
Lfcig^, ft;fr7g<Z>fii2 L bMms<D\t&* L/S = 

1. 0i-4^u^ o Sbi:»*L<tt, smbs*- 
?^<oMia^^rrfijj5s< 01-10 >^^ir% ftaw^^^ 
<oooi>JWfe5 e :tii±, ^5/^S»J^s* 

<0 0 0 1 >^C, ¥ffiffiWa^f9 0Wi9St«r#<?g 
l*L> iS?t-. l»IE*lPli:lt^<T?-jy^WoHJtft<0 

1-10 >#rnj<7>«9»*4>fc< »*i-sfc«)-efcSo 

[0 18 1] Sfc, HtTfiE«*?K?K^co^iB8«^IiJL 5 
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tf, L/SJfcflS 4 «tt<D^*:^4MM*0, 4fflF 

W*"C#l5wt*5-e#S 0 ±EL/SJfc0>JhRRSr4fCL 

^-^i-5B8f-, iEfiL(d< i^ci6T*fcSo Sot, f 1 - 
y^«S:l»tt5»^ L/sa«4J:9t>*#< 

[oi82j mn<omm 1 5) ^ii^^t^ ^ 

y^»l:ov>trat5o niGaNlieO 

[0 18 3] B8tt N IlSl 0, n^GaN^*6 0 
0^^)«S$nt^t, nlGaNS^eOOfi, & 
^^rll5, nSGaNl20, KSttBI 3 0, % 

0 [0 18 4] MOCVDMifil 0±l£&m.'<*7 
7il5Sr5 5 0t"eaSt5 e ftl;, 1 0 5 0°CC0^ 

lGaNl2 0^8f5 o 
[0 18 5] nlGaNl20^^i, MOCVDi 
mfiES^^—SrStflfciU *'*-/*-jSfc, CV 
D«fet>L<ttEBDK»8fe*rfflV^«t«ft:l!tS:l 0 Onm 

^JBMfctt* nlGaNJB20H»Lt<l-100>* 

^<l l-2 0>^f^]C^h7'Y7 P fS5/im, tV^l 

[0 18 6] ifcvvr, ftfjfE* F7^«CteLf;l 
mf£iH3 0<Dft-V^c^^— ^HVPE^ttic-t^ h 
U fifc^fUit 1 100°C, Si gg3 X l 0 18 /c 
m\ ISM 1 X 1 0 1 7 / c m 3 ^ K - ^ L^^ 
3 5 0 M m« K - tV^^tlf: niG a Nil 

4 o^a/i-r^o 

[0 18 7] ±ffiS8it*"ftf-J;oTn§!G a NJWB4 0 

«t?SfrlSSS*l 0£fi]#*&^ niGaNl$6 0 0 
«rft*Lfc 0 n!GaNlfi6 0 0lt fifi/<7 7ri 
1 5^t^Tt^V^L, tA/tV^<HS^o p] 

#{^, n||GaNlS6 0 0(l »I30^U' 

[0 18 8] JifSnMG a NSg6 0 0 (OKag^jfefC*5 
®i^^T-fr N Rlf77^7, GaAs, Z n O, M 
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gO, Xt°^K G e<Dfatlfr&m\<^tl&&\<\ 

y 7 rSl5tt:, 4 5 0t^^6 0 0°C^SrMt*f 

MAl.Ga.-.N^^ri (0<x<l) , terUi 
n y Ga.-.N./N^^r® (0<y^l) <Dffitlfr&J%\,^ 

mm^ms o^, sio 2 §, s i n.jk, t 

i0 2 m. A l a O,UtOftTiX^-CifeixtfAV\ nMGa 
NjjH2 0f3, nSAUGa.-.NJR (0<z<l) X# 
oTfc£l\ JftX K-bTy^SntnlG a N/HR4 0 
f*, J»* K- ev^StLfcnSJA I.Ga.-.NSR (0 10 

<w^i) tfcottii\ **»*(4Ji(e*«<o?gii8 

<t|5Mtic: 1 X 1 O'Vcm 5 ^! K-f ^£*L-C1/\h, 
[0 18 9] ±|SnMG a NSg6 0 0 ©K3ft*i5fe^*3 

[0 19 0] MOCVDfttS i ISil 0 

^4 0 0)um) ±[:f^l/im^)niAlGaNl2 0 
ML> MOCVDSl!i^ft!3I±lto fcffU (2] 8 
lc^Lfcffifiy«s,:7 T «i 5*2, «J1 L*i^s«t\/\ 20 
^fb^£C«t5ir, ttjEniAlGaN 

I2 0ii, Hioo o^WJi^iKv^fiS-CfigS 

•9, * h^-r^f^OIi-So «V*T, HVPESIC 
SJIE^a:^— Sr-fes' h u i£f?f <h S i Sr K-lf^Lfc 
7)*b, niGaNW4 0S:*«t5o **»«tt±IH 
MM(DMBt Ip^fC 1 X 1 O'Vcm 3 l^_h K— tr°>^ 30 
£*VO\fttf&< , mm&5 0 tim£k±$>titf!Bkb\ Jb 

ft^ftfekmm<Dftm&&mtirz>mmmte. 6h- 

5 i Cftt, 4H-SiCl» > 3C-SiCll 
[0191] _hffinMG a Nfiffi6 0 OSrffil^ 

-So 

[0 19 2] H9tt, »k«***l^-1f«3tSr^LT 
niGaNlfi6 0 0, niGaN/^7ri6 
0 1, n MA lo.iGa». B N^7y KS 6 0 2, nlG 40 
a N^#^ KS 6 0 3, §ffi!6 0 4, piA 1 02 G 
ao. 8 N^f !i ^^§6 0 5, pMG a N^t^f^ 

K16 0 6, p MA lo.iGao. 9 N^7j/Ki6 0 7, 
piGaN^y^nieO 8^fe***ixTV^o 

[0 19 3] &fc:, MOCVD^f^ MfBriMG a N 
S456 0 OSr-fey h U 1 0 5 0t^ft?fiSTnSG 
aN^y77l6 0 1^1 M mMU: o ^OriMGa 
N/^7ri6 0 1ll ISffilOJi^nlGaNSfi 

6 0 0*r«lfa5i:#|:4i:^ nfGaNS«6 0 0 
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(¥t&ffc) £@fft^i£ttfcS-Cfc<9, «l<Tt>«^* 
L75^L^^b, niGaNfl4 0Cl|^K-h' 

k:£>6£:#>, 5 CnUG a Ns<y7y 

^T^601fi, niAl,Ga l . I N/^77i (0< 
x^O. 3) 

[0 19 4] l/zmOl^niAlo^Gao.9 
N^7y Kl6 0 2Mlt5 o m$0. In 

ra^niGaNi^Ki6 0 3«m o niGa 
N##>f KS 6 0 3/8*«, &®L<DU&Z 7 0 0°C~ 8 
0 0tggKTtf\ f$4nm(OIno. l5 Ga 
. 0. 85 N^^mtJW-^ 1 0 n I no . 0 2 G a 0 . 98 N«E|g 
Set f9«fiJcSnSffitt«6 0 4 (^SfiT-#F«it 0 * 

<o§g, s i £ K-fy^Ut J;i^U K-fcT^Lfc 
<ttJ;^o K«rfiffi£mM 0 5 o^£-c#?fi 

LT, 2 0nmWf^piAl,. 2 Gao..N«J;l?4-5 

[0 19 5] ^CD*g, Mg £r K-fV^L&^bO. 1 
MmOO^^OpMG a Nft#>r KS 6 0 6£rfi£ft-f 6 0 
II-, MgSrK-^y^U^P)0. 5 MmOi?^cOp 
MA 1 o. iGao.sNj; 1 ?/^^'; KS 6 0 7 Sr^fi*T 

^plGaNiUiin^^ M6 0 8«SL 

[0 19 6] rc7)«{cLT, fe a B B ^L7tm, MOCV 

5 or^iSLfc^X*, NH s WMtS:#±Lt, 5 
7t 0 ±IES«Otft^?aSfi6 5 Otd^ 9 o ot: COM 355 

[0197] SIMS (secondary ion mass spectrosc 
opy) mife&ft^ltmm, 8S**ia^piGaNa 
h!6 0 8**BiS«-e3 xiO'Vcm'J^T 
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[0 19 8] :«IplG a N = >-*^ h/f6 0 8f& 

JSfiJRS*® (pll^Ui) iS^Sr^s/^v^cJ: 
^rlfg^® (pli^iil) S:l»*-rsJBflPfi, l 0 

[0199] *^l^gl(7)^I 6 O 4 II, 3Mfl^ 
MttIn r Ga,- r N (0<y^l) 35>fe*fifc*^T 20 

[0 2 0 0] plGaNny^^/ hl6 0 8OpIW 
pitl©*«ffi|l:|fi|^or, pS^ffft 

*fi* -efe 6 m g <?5gtt{t: £££ tfr i> -5 p jb * <omwfcm 

[0201] ^t(-, ±mmm*mfc^-^m^-*m 30 
su:?x/w co^y^fj^o^rm 1 o—Eii 2^ 

[0 2 0 2] ±lE*^^-tf)Ga NgffifflJ&WB 

I$^100/zm(CL, §i®ttJL£-f £ Q 7^8 
fc L < »]RMit«r$trfitK^' b ft 6 ^^T\ MIS * 

[0 2 0 3] WK^niyN-ojfti^ftffiS-y 
7 7^-»f7X^IU RJEtt>f seals' 

lo.iGa.. 9 N^7s/Ki6 0 7^pfGaN)t^ K 
«6 0 6^ffl*T*lBf9T*fr, x ) y V =7 ^ ~fm^ 

^- KSrfP»i"S. r<7)i:#, ?gA 1 6091 19* 6 1 2 
*s< 1 - 1 0 0 >*T|SiJc:»orra^c?grilSix5 0 y y 
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